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Abstract 
The purpose of this study is to explore pre-service mathematics teachers’ understanding of the concept of sequence. 55 pre-
service secondary mathematics teachers from a university located in Turkey participated in this study and the data was collected 
through pre-service teachers’ responses to open ended questions about sequence concept. The data was analyzed by using 
constant comparative analysis, and the findings indicated that pre-service teachers had some difficulties such as writing 
mathematical symbols formally, and confused logical explanations. In conclusion, most of pre-service teachers confused the 
convergence of a sequence with other kinds of sequences, like monotone or bounded. 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
Calculus is thought as one of the fundamental areas of mathematics (Buccino, 2000). Calculus is necessary to 
conduct research studies and to be successful in university courses which are taken to have careers in science, 
engineering, medicine, business, and mathematics related fields (Frid, 1994). Therefore, concepts in calculus and 
calculus itself have been one of the subject areas attracted many researchers in mathematics education. There are 
studies that investigate students’ conceptual understanding related to topics such as function, limits, derivative, 
integral, sequences, infinite series (Thompson, 1994; Tall & Vinner, 1981; Mamona-Downs, 2001; Alcock & 
Simpson, 2004; Lithner, 2003). Sequences that are fundamental mathematical objects with a long history in calculus 
(Weigand, 2004) can be considered a part of building to understand approximation notion (Cornu, 1991). Also 
sequences are tools for the mathematization of real-life situations such as growth processes (Weigand, 2004).   
The concept of sequence is easily defined as functions (Weigand, 2004) and it is generally used for organizing 
data. As a mathematical object, the most common definition of it, is in mathematics literature: 
 “A sequence can be thought of as a list of numbers written in a definite order: a 1, 
a2,…,an…[…] Notice that for every positive integer there is a corresponding number and so a 
sequence can be defined as a function whose domain is the set of positive integers.” (Stewart, 
2005; p.563).  
There are many difficulties to understand this definition, despite it is defined easily. Students’ difficulties related 
to sequence concept have been tried to describe in many studies. (Davis & Vinner, 1986; McDonald et al., 2000; 
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Przenioslo, 2004; Dubinsky et al., 2005). McDonald et al. (2000) find that students view sequence as a list of 
numbers. Thinking that sequences are implicitly either increasing or decreasing is another difficulty of students 
(Przenioslo, 2004). Davis and Vinner (1986) state that some students believe that every sequence must have some 
obvious, consistent pattern. In their studies Dubinsky et al. (2005) note that students consider sequences must have a 
final term. Besides these difficulties, this concept is connected with a variety of representations and related to 
concepts such as being convergence (Weigand, 2004).  
Sequences can be separated, whose elements approach a single real number as n increases (in this case it can be 
said that they converge) from whose element do not. Geometrically, if the elements of the sequence  come 
eventually inside every -neighborhood  (it is an open interval which includes the number of L) of L, 
then  approaches the number L. As a mathematical concept, the most common definition of a convergent 
sequence in mathematics literature can be stated like that: a sequence  converges, if there exists a real number L 
such that for every , there is a positive integer N (depending on  ) such that for all   
(or , then it is said that the sequence  converges to the number L. 
The convergent sequence is a concept which has prerequisite notions such as infinitesimals, infinite numbers, 
functions; it also requires some skills, like coping with logical quantifiers, application of absolute values and 
inequalities (Mamona-Downs, 2001). For this reason, it can be said that convergent sequence is the most researched 
topic related to the concept of sequence. There are plenty of difficulties for students to understand the convergent 
sequence and its limit (Davis & Vinner, 1986; Cornu, 1991; Schwarzenberger & Tall, 1978; Tall & Vinner; 1981; 
Vinner, 1991). According to these researches, most of students believe that:   
1. A sequence never reaches its limit,  
2. A bound of the sequence is its limit, 
3. Y g  of the sequence, 
4. You can n ad the definition from the 
left, 
5. The limit of a sequence is its last term, 
6. Convergent sequence must follow some pattern. 
As it is seen from above, the concept of sequence is a very extensive concept including other concepts and some 
basic skills (Mamona-Downs, 2001). It is important for pre-service secondary mathematics teachers, who will teach 
this concept to their students in the future, to understand the concept of sequence. Because, researches denote that 
philosophical arguments assist the aspect that te  own subject matter knowledge influences their efforts to 
help students learn subject matter (Thompson,1984); more clearly, if the teachers are not capable enough and/or 
their teaching is invariable then they can do much harm (Conant, 1963). The teachers might convey their limited 
ideas to students, 
misconceptions let alone identify them; they may not criticize texts or modify them appropriately. Specifically in 
mathematics education community, having a good mathematical knowledge, which includes deep understanding 
topics as a teaching subject, is expected from the mathematics teachers (e.g., Australian Education Council, 1991; 
NCTM, 2000). It is important in what ways teacher understands the concepts since it 
Grossman et al, 1989); 
briefly, when teaching topics that are part of the curriculum, teachers are expected to be experts in the area they 
teach (Even & Tirosh, 1995).  
As stated just before, a strong mathematical knowledge is very important qualification for being an effective   
teacher (Farah-Sirkis, 1999); therefore the purpose for the present study is to investigate pre-service secondary 
mathematics teachers  understanding about the concept of sequence that is extensive and complicated concept in 
calculus.   
2. Methodology  
The data of this research is conducted from 55 second year pre-service teachers, who were enrolled in a Single 
Variable Calculus course in secondary mathematics teaching programme at a university located in Turkey. In the 
course during the first five weeks, the concept of sequence and its related concepts have been introduced to pre-
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service secondary mathematics teachers. One of questions asked in the midterm examination was Explain what you 
understand from the concept of sequence and the convergent sequence When the instructors of this course-also 
same time the researchers of this study- examined the examination papers of 90 pre-service teachers, they found that 
most of them wrote down only the mathematical definition of these concepts. Very few students attempted to write 
what they really understand from these concepts. Therefore, these answers did not give the instructors the integrated 
perspective on their understanding of the concept of sequence.  Because instructors attempt to find out whether pre-
service secondary d these concepts; particularly the pre-service teachers, who had 
taken this course for the first time, and were asked open ended questions. What do you 
understand from the concept of sequence and the convergent sequence? ined that their answers 
would only be used as information of understanding sequence concept. Data was collected through pre-service 
No time limitations were imposed in 
order to make pre-service teachers feel at ease during answering process. It took nearly 30-40 minutes to write down 
their answers. Pre- in line with the purpose of the research. Data was 
analyzed by using constant comparative analysis (Strauss & Corbin, 1998) which is one of the techniques in 
grounded theory.  
Besides, the data reached were coded and categorized by another research assistant who is also a Doctoral 
Student at the department of Mathematics Education, to provide the validity and reliability of this research. The 
categories constructed were compared to the categories constructed by the researchers and a similarity above 70 % 
was noticed. A researcher, who has general information on research topic and specialized on qualitative research 
methods, was asked to examine the study in order to provide research validity. Expert analysis contributed to the 
feedback with another point of view and to the research design, data gathering, analysis, reaching findings and 
commen  
3. Findings 
When the researchers examined pre-service teacher  answers to the following question in midterm examination: 
Give the definitions of the concept of sequence and a , they found that most of pre-service 
teachers wrote down the mathematical definition of these concepts. Most of them stated that sequence was a 
function with natural numbers domain, as known in the mathematics literature. However, when asked what they 
understood from this concept in an informal context than midterm, considerable number of pre-service teachers 
noted that sequence concept is related sets such as ordered set, infinitely ordered set, subset of real numbers.  
It has seen that the number of pre-service teachers, who think that sequence must have a rule and those who 
One other finding is that pre-service teachers related the sequence concept with setting out, 
ordering and labelling in everyday life, one of those pre-service teachers  representations is given in Figure 1: 
 
 
 
Figure 1. One of representation from pre-service teachers 
 
These pre-service teachers seemed to be interested in the concept of sequence as an object worthy of study that is 
helpful in modelling physical phenomena (Davis & Vinner, 1986). When the researchers analyzed pre-service 
the question about giving the definition of a convergent sequence, they again came across with 
the formal definition of convergent definition as follows (Stewart, 2005, p. A35): 
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n} has the limit L, and we write  or     as  if for 
every  > 0 there is a corresponding integer N such that |an  L| <   
It has obviously seen that pre-service secondary mathematics teachers have some difficulties such as writing 
mathematical symbols formally and using logical explanations. For example, one of the students  answer was as 
such: for n 1 and  if there is   such that   such that |an N  This student 
seemed unaware of relation between  and N. It can be said and N is particularly 
elusive for this pre-service student (Mamona-Downs, 2001).  
When they asked to write about their understanding of convergent sequence, most of pre-service secondary 
are revealed. One of these difficulties is to think that every convergent sequence is 
both monotone and bounded. Convergent sequence never reaches to L -limit- is another interesting pre-service 
 about this concept. The following representation belongs one of the pre-service students:  
 
 
 
Figure 2. One of representation from pre-service teachers 
 
Pre-service teacher who drew this representation in Figure 2 made an explanation in the following words All 
terms of ( ) which are from 1 to N to the interval ( ). For all terms of ( ) belong 
to the interval ( ).  This understanding seemed to coincide with the mathematical definition of 
convergent sequence which can be taken as an appropriate understanding. 
4. Conclusion 
It is concluded that pre-service secondary mathematics teachers understand the concept of sequences with some 
difficulties, which are particularly about convergent sequence. The source of these difficulties can be related to 
writing mathematical symbols formally and confusing logical explanations (Davis & Vinner, 1986). The researchers 
think that it can be useful to make exact discriminations about types of sequences and to introduce these types in a 
comparative way when the subject is the concept of sequence.   
It is seen in the researches that teachers cannot bridge the gap between what they learn in the undergraduate 
curriculum and what they teach students in schools (Wu, 1999). Therefore, trainers  duty in educational faculties 
should be helping pre-service secondary mathematics teachers understand the essential characteristics, logical 
reasoning of the concepts and coherence of mathematics. 
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